mineral facies included dolomite, calcite, gypsum and halite. Dolomite is the most important dissolved mineral, followed by calcite and gypsum in recharge area, as well as calcite, gypsum and halite in runoff and discharge areas.
Introduction
The forming conditions of groundwater chemical composition are obviously different from those in surface water, which are often controlled by the geological and hydrogeological factors (Shen, 1993) . Groundwater interacts with surrounding media and converts the chemical composition through geologic time. By the study of groundwater chemical characteristics, we can better understand the interaction mechanism of groundwater and the environment (Zhang et al., 2000) , as well as the mineral rock facies in the water-rock interaction (Pu et al., 2013; Wang et al., 2006) . Previous studies in this area include analysis of the model of karst water systems from the macro perspectives of time and space (Gao et al., 2008) , resources development and protection (Li, 2010) , as well as the evolution of water chemical characteristics and recharge source (Pei and Liang, 2005; Wei et al., 2012) . Few studies have been done on the solute source and dissolved mineral facies of karst water in the Liulin karst system (Zang et al., 2013) .This paper seeks to apply the relationship of cations and anions
Abstract
The Liulin karst system is typical of hydrogeological systems in northwestern China, with a group of springs as the dominant mechanism for regional groundwater discharge. To reveal the hydrochemical formation mechanism of the Liulin karst groundwater system, we studied the hydrogeochemical processes of karst groundwater in aquifers at the base of the hydrogeological investigation. Then starting from the chemical composition of karst groundwater together with the recharge-runoffdischarge process of groundwater systems, we analyzed the solutes origin and the dissolved mineral facies of the groundwater chemical composition. The results showed that the anionic and cationic compositions of karst water were different in recharge, runoff and discharge areas, with the main anions of HCO 3 -and SO 4 2-in recharge areas, and HCO 3 -and Cl -in runoff and discharge areas, as well as the main cationic for Ca 2+ and Na + , of which the molar concentrations of Ca 2+ was greater than Na + in recharge areas and contrary to the runoff and discharge areas. Karst water was influenced by carbonate and evaporite dissolution while flowing through the aquifers, of which carbonate rock dissolution dominated in recharge areas, and evaporite rock dissolution increased to be the dominate lithology in runoff and discharge areas. Based on analysis of water-rock interaction, the main dissolved
Sampling and Analysis
In September 2011 and May 2013, fourteen groundwater samples were collected from central region. Electrical conductivity (EC), dissolved oxygen (DO), pH and temperature measurements were taken immediately after sampling. Then Atomic absorption spectroscopy (AAS ) (PE -601) was used for the cation content (Na
) measurement, and high-performance liquid chromatography (HP1100) was used for the anion content (Cl -, SO 4 2-, HCO 3 -, NO 3 -) measurement. Trace elements were measured by inductively coupled plasma mass spectrometry (ICP-MS).
Results

Major Ions of Karst Groundwater
As shown in Table 1 , the pH values varied from 7.30 to 7.74. HCO 3 -is the dominant anion with the concentration ranging from 4.34mmol/L to 5.19mmol/L, and accounts for more than 70% of the total anion content. The concentration of secondary anion SO 4 2-and Cl -range from 0.21mmol/L to 2.35mmol/L and 0.25mmol/L to 2.31mmol/L, separately. In the recharge, runoff and discharge areas, HCO 3 -is always the dominant anion in chemical composition of karst water. While there are differences in the secondary anion: the average concentration of of karst water in accordance with the recharge-runoffdischarge process to reveal the chemical characteristics and discuss the solute source and dissolved mineral facies of Liulin karst groundwater, aiming at providing a certain theoretical basis for reasonable development and protection of the karst water.
Study Area
The Liulin karst system is hydrogeologically typical of karst systems in northern China. A group of springs act as the predominant mechanism for regional groundwater discharge where carbonate rocks are widely distributed. They represent relatively independent karst systems. and Na + as the major cations, accounting for more than 75% of the total. The concentration of Ca
2+
and Na + vary from 1.57 mmol/L to 3.36 mmol/L and 0.35 mmol/L to 1.82mmol/L, separately, which also shows a certain difference among the zonings. The average concentration of Ca 2+ is greater than Na + in the recharge area, and it is opposite in runoff area and discharge areas.
As was shown in Figure 1 , whether a wet or dry period, the cations of karst groundwater mainly plot on Ca 2+ -Na + line with close to the Ca 2+ end in recharge areas, and close to the Na + end in runoff and discharge areas. The anions mostly plot at the end of HCO 3 -, while scatter to the end of SO 4 2-and Cl -in runoff and discharge areas.
Stoichiometry of Karst Groundwater
This paper referred to the Gibbs diagram to establish the relationship between total dissolved solids (TDS) and Na relationship line of 1:4, and samples from the discharge area plot below the relationship line of 1:4. In Figure 3b , we can see samples from the recharge area plot near the relationship line of 1:6, samples from the runoff area plot between the relationship line of 1:4 and 1:6, and samples from the discharge area plot near the relationship line of 1: 4. It can be seen from Figure 4 that samples from the recharge area plot on the relationship line of 1:1, and samples from the runoff and discharge areas plot below the relationship line of 1: 1 but do not deviate far.
Discussion
The Solute Source of Karst Groundwater
The solute source and the processes that generated the observed composition of water can be revealed by the dissolved species and their relationships with each other (Hussein, 2004; Su et al., 2009 Figure 3a shows that samples from the recharge area generally plot between the relationship line of 1:2 and 1:4, samples from the runoff area plot near the (Wang et al., 2006) . 2-and calcium from noncarbonate in congruent dissolution of gypsum (Wang et al., 2006) . (Pu et al., 2011) . Chemical composition of groundwater is controlled by lithology (Li et al., 2006 ).Samples from recharge areas plot near the 1: 6 relationship line, indicating HCO 3 -ion is provided jointly by dolomite and calcite dissolution. Samples from runoff areas plot between the 1:4 and 1:6 relationship lines, indicating HCO 3 -ion content is provided by dolomite and calcite together, but dolomite contributed more. Samples from discharge areas plot mainly on the 1:4 relationship line, indicating the lead role dolomite dissolution plays. Above all, dolomite and calcite are the main dissolved minerals influencing chemical components of karst groundwater in Liulin springs, and the dissolution effect of dolomite is more pronounced than that of calcite. The dissolution effect of gypsum can be obtained from Figure 4 . Samples from recharge areas plot on the relationship line of 1:1 and most samples from runoff and discharge areas fall below the relationship line of 1:1. Therefore, it can be inferred that gypsum is involved in water-rock interaction of recharge areas and also dissolved in runoff and discharge areas, but contributed little.
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In summary, the main dissolved mineral facies of karst groundwater in Liulin springs include dolomite, calcite and gypsum. Dolomite has become the most important dissolved mineral facie, followed by calcite and gypsum.
Conclusions
Stoichiometry showed that HCO 3
-is always the dominant anion in chemical composition of karst groundwater, while there are differences in the secondary anion. The average concentration of SO 4 2-is greater than that of Cl -in recharge areas, and it is opposite in runoff and discharge areas. Karst groundwater had the highest Ca 2+ and Na + as the major cations, accounting for more than 75% of the total cations, which also shows a certain difference among the zoning. The average concentration of Ca 2+ is greater than Na + in recharge areas, and it is opposite in runoff and discharge areas. 
Karst groundwater in
Dissolved Mineral Facies of Karst Groundwater
Chemical composition of the groundwater reflects regional hydro geochemical processes and geological history (Shen, 1993; Pu et al., 2013) , which ultimately boils down to the water-rock interaction between groundwater and the mineral facies of aquifers it flows through. Therefore, the dissolved mineral facies of groundwater can be explored by analyzing the chemical composition of groundwater.
Although the dynamics factors and common ion effect wasn't considered, dissolution between mineral facies and groundwater could be proven to some extent. If [Ca /HCO 3 -= 1:6, the molar ratio of calcite and
